Background: Two-way referrals between hospitals and community healthcare systems (CHSs) are important for optimizing the distribution of medical resources and enabling resource sharing, but referrals are always from CHSs to hospitals. A referral from the hospital to the community is rare in China; this has a highly negative impact on the long-term development of the Chinese health services. The aim of this study was to address influence factors in hospitalcommunity referrals. Methods: We constructed a system dynamics model to address the problem of the two-way referral between hospitals and CHSs and identified potential countermeasures and possible solutions. The Vensim DSS program was used to construct a system dynamics model to represent the problem through model description, causal loop diagrams, and stock and flow diagrams. Results: The model was used to perform intervention experiments, in which the influence on all the sectors of referrals could be observed by changing the system parameters. The experimental results showed a greater difference in medical costs between hospitals and CHSs, more investments to CHSs, higher levels of medical insurance of CHSs, and more referrals from hospitals to CHSs. Conclusions: The system can widen the price gap between hospitals and CHSs, increase information flow, improve medical insurance level of CHSs, and elevate the current level of CHSs through enabling two-way referral between hospitals and CHSs.
Introduction
Recently, there has been a progressive increase in expenditure on medicine and public health, thus highlighting the problem of 'difficult and costly access to healthcare services' in China. To settle this issue, healthcare system reform was introduced in 2009, which included efforts to improve the new urban healthcare service system based on community healthcare services to establish a mechanism for labor division and work coordination between urban hospitals and community healthcare systems (CHSs), thereby gradually achieving the goals of having the initial diagnoses conducted in CHSs, better classifying medical treatments, and two-way referral. Up to the end of 2011, there was a large increase in the number of community healthcare centers in China, to the point where the health centers now outnumber hospitals and the number of new health centers was greater than the number of new hospitals; however, the net assets of a community health center are only 3.65% those of a hospital. In addition, community health service staffing is only 9.56% of that of hospitals, which makes it difficult to meet the service expectations in CHSs. The volume of community healthcare center visits accounts for as little as 24.2% of those visiting hospitals. Furthermore, the ratio of the number of hospitalizations is only 2.69% of hospitals. Although China has made efforts to improve the technology and other conditions in CHSs, 1 there remains a considerable gap between CHSs and hospitals. Therefore, the goal of building a basic healthcare system based on shared community health services has not yet been achieved.
At present, the first diagnosis occurring in CHSs and two-way referral is still a practice with obstructions and poor effectiveness. Much of the research in China has concentrated on the health of individuals, and the influences of referrals on a certain disease (i.e., tuberculosis, cardiac disease, delivery); only a few studies were concerned with the factors influencing referrals, the referral costs, and the analysis of the existing problems of referrals. Meanwhile, due to the considerable gaps in medical resources and medical techniques between hospitals and CHSs, the number of referrals from hospitals to CHSs is much less than that from CHSs to hospitals, making the two-way referral oneway. Given these conditions, facilitating two-way referral by ensuring that the government enacts appropriate policies and by improving health personnel's and patients' attitudes towards two-way referral is necessary; this would likely solve the problem of 'difficult and costly access to healthcare services. ' There has been some success in making the first diagnosis in CHSs and two-way referral in many countries. Although there are still some problems, the development of two-way referral in these countries has been good enough to provide information and experience for developing the practice of two-way referral in China. Thus far, researchers in other countries have primarily focused on areas such as the referrals of specific diseases (i.e., lymphoma, cardiovascular diseases, allergy, cystic fibrosis), [2] [3] [4] [5] [6] analysis of the effectiveness of referrals, 7 analysis of factors influencing the referrals, [8] [9] [10] [11] [12] [13] the conclusion and analysis of the experiences of referrals, [14] [15] [16] transportation of referred patients and the effect and cost of this transportation, 17, 18 analysis of the long waiting lists of referrals, 19 the effects of referrals on individual and public health, 20 the functions of referral hospitals, 21 and the effectiveness of implementing the referral system. 22, 23 In general, in the macroscopic views, the research of referrals in some countries primarily focused on the specific health issues at the time of the study. In Great Britain, the system of the first contact care in the community by general practitioners (GP) was implemented; a recommendation letter is needed for patients to be transferred from a clinic to a hospital and back to the clinic when the patient is in stable condition. 24 In this case, the two-way referral is well balanced. Furthermore, there is an adequate division of labor between CHSs and hospitals, which are closely connected. What is more, the cost of hospitalization in a hospital is much higher than that in a community healthcare institution, which leads to the increase of referrals to CHSs in the acute phase. In Brazil, health service visits are guided by following the district classifications. In Japan, the government has implemented a policy to guarantee the first visit in CHSs and two-way referral between medical institutions. However, problems remain to different extents in different countries. For instance, it may take a long time for a referral; insufficient information provided by referring doctors may cause problems for the patient; consultations with doctors could be delayed or of poor quality after a patient has been transferred to a community health services facility 25 ; delayed transfer of medical records might lead to repeated tests; information between medical institutions is poorly conveyed; and GPs have limited authority to prescribe specific medications. 26 Therefore, it is important to examine the impact factors and incentives that could stimulate two-way referral system.
We sought to build a system dynamics (SD) model that accurately represented the referral behaviors of hospitals and CHSs in China to identify the variables that influence referral systems and to explore effective methods for increasing two-way referral between these institutions.
Methods

Data collection
The raw data of model variables were extracted from the Chinese Health Statistical Yearbook 2007-2012.
Model construction
The development of a two-way referral system between hospitals and CHSs in China is dynamic and complex. 27 Therefore, SD is an appropriate method for analyzing this issue. 28 SD is a computer simulation tool that provides accurate calculations, the opportunity to study cause-andeffect relations, evaluations of policies and scenarios, exploration of systematic problems, and consideration of the potential influences of interventions. It can help to understand the behaviors and dynamics of large complex systems over time through simplifying the complexities of real-world systems and quantifying complex feedbacks; these capabilities make it an effective problem-focused and policy-oriented method. Given that an SD model is such a powerful tool for generating insights into various socioeconomic problems and policies, it has been applied to a number of areas of medical care, such as medical expenses, 29 unreasonably high pharmaceutical fees, 30 hospital policy and its influences on hospital behaviors and disease treatments, 31 health care demand and supply evaluations, 32 occupation health and safety management systems, 33 health care waste management, 34 the biomass-to-biofuels supply chain, 35 the prevalence and development of epidemic diseases, 36 interventions on drug uses, 37 interventions for HIV, 38 electronic medical records, 39 chronic diseases, 40 doctors' behaviors, 41 prevention and treatment interventions on childhood obesity, 42 cost factors in chronic disease management interventions, 43 healthcare demand, and healthcare staffing predictions. 44, 45 However, the use of an SD model to investigate two-way referral between hospitals and CHSs has not been explored before.
The SD model consists of four components: stock, flow, converters, and connectors. Stock variables are state variables, serve as reservoirs, and represent the major accumulations of the variable. Flow variables represent activities modeling rates of changes, either delivering (positive flow) or draining (negative flow) the stock variables. Converters are intermediary variables that can help in selecting proper rates for the processes of the model, which can be used for calculations. Finally, connectors serve as links that represent the interrelationships among various elements in the model and can reflect cause-and-effect relationships. The SD structures are primarily formed by two constructions: causal loop diagrams and stock and flow diagrams. The causal loop diagrams depict the relationships among various variables of the system from the perspective of cause and effect. Every causal loop diagram consists of some feedback loops that contain reinforcing and balancing feedback loops, which can help explore the interrelations between elements of the system, model the effects, and simplify the model. The stock and flow diagrams are based on the causal loop diagrams, and consist of stock and flow variables.
The steps involved in an SD simulation are as follows. First, the problem to be solved is identified and the boundary of the system defined. Second, according to the hypothesis, logical diagrams are developed. Third, the variables are selected through analysis. Fourth, mathematical equations are formulated and the initial conditions are determined. Fifth, the consistency between the model and reality is analyzed and calibrated. Finally, the model is simulated and a conclusion is made. Vensim DSS (version 5.6a, United States, Ventana Systems. Inc.) is computer software that can be used for simulation, visualization, analysis, and optimization of various scenarios; thus, it was deemed a suitable program for our purposes.
Model description
Two-way referral between hospitals and CHSs refers to a referral of patients from CHSs to hospitals on the conditions that these patients cannot be treated in the CHSs and that, during convalescence, patients will be released from the hospitals back to the CHSs. This pattern could facilitate interaction and communication between hospitals and CHSs in terms of patient, human, and space resources; medical equipment; and information for optimizing use of such resources. Therefore, it is believed that the greatest social and economic benefits for CHSs can be achieved using existing medical resources and hospitals. Both patients and CHSs would benefit from two-way referral. Two-way referral between hospitals and CHSs involves five major agents: patients, governments, CHSs, medical insurance institutions, and hospitals. Patients' behavior is largely affected by the quality of medical services and accessibility to healthcare and patients' economic situations. Governments set the price of and implement policies concerning medical insurance, thereby restraining the behavior of healthcare institutions. The medical insurance institutions can determine patients' behavior in choosing a healthcare institution. These five major agents continually interact and represent co-determinants of two-way referral.
Causal loop diagram
The causal loop diagram was developed using the variables included in the conceptual model of referral between hospitals and CHSs. Based on studies of the variables affecting two-way referral in other countries, we proposed that socioeconomic factors, 46 ownership of clinics, 47 and income might affect referral between hospitals and CHSs.
26 Figure 1 shows an abstract conceptual model depicting the interactions among the key factors. The meanings of the diagram loops are described below.
Patient visits to hospitals and CHSs were analyzed. Hospitals and CHSs gain considerable economic benefits from medical care income, but often lack government investments, which accounts for only around 3.8% total healthcare system capital. As such, medical care income comprises a large proportion of healthcare system capital. More visits create more income, which in turn leads to more investments in improving medical technology; improved technology then leads to even more visits, thus continuing the loop. Hospitals and CHSs both utilize this loop and compete with each other. However, research on the diagnostic agreement of referral from CHSs to hospitals has shown that the referral error rate is around 8.2%; this rate is largely due to insufficient clinical evaluation in CHSs. 48 Because CHSs are the frontline of detecting and responding to health threats, 49 diagnostic and treatment techniques in CHSs should be optimized via continuing education programs. 50 This, ideally, would sustain appropriate interaction between hospitals and CHSs.
The flow direction of medical service resources was also analyzed. The results showed an inverted-triangle tendency, in which large quantities of high-quality medical resources (e.g., human resources, equipment, and capacities) were centralized in tertiary hospitals. In 2011 in China, the number of staff in CHSs was only 9.56% of that in hospitals, indicating the extreme imbalance in resource allocation between CHSs and hospitals. Furthermore, the fact that primary-care physicians earn less across their careers than do specialists has led to a dismaying decline in the number of practicing primary-care physicians, to the extent that a 2007 survey showed that only 7% of fourthyear students at 11 United States medical schools were considering a career in adult primary care. 51 Indeed, the model of 'the rich get richer' could be applied to the exchange of resources between CHSs and hospitals. Given that there are limited resources overall, it is likely that hospitals with more resources and better performance would prosper (i.e., attract more patients), which in turn would help them acquire more resources, thereby creating a positive feedback loop; thus, better performance leads to more resources and even better performance. However, CHSs appear to be trapped in a similar feedback loop, but in reverse.
Stock and flow diagram
To make the size of the arrays in the model more concise and meaningful, three subsystems in the process of referral between hospitals and CHSs in China were adopted in the model; namely, the subsystems of visits to hospitals, visits to CHSs, and two-way referral. There are 74 variables including 14 constants and 4 lookups in the model. These three subsystems share input and output variables, thereby allowing for the formation of relationships through interactions and mutual checking, which aids in the construction of the SD model. In this SD model, the linkage among the three subsystems was the referral from hospitals to CHSs and referral from CHSs to hospitals, which jointly constituted the core of the two-way referral subsystem; furthermore, the number of referrals between hospitals and CHSs allowed for the interaction of the subsystems of visits to hospitals and visits to CHSs. Figure 2 shows the stock and flow diagram derived from our work on conceptualizing two-way referral dynamics. This diagram may help in visualizing the complex interactions among the numerous variables shaping two-way referral. The rectangles in the diagram depict stock variables, while the double-lined arrows between stocks represent flow variables. Single-lined links represent causal relationships. CHS capital, hospital capital, and total population were modeled as stock variables delineated by a number of neighboring components. Flow variables included numbers of births and deaths, increments of hospital and CHS resources and depreciation of CHS and hospital resources. Auxiliary variables included number of referrals from CHSs to hospitals and from hospitals to CHSs. The initial variables included the initial values of total population, hospital capital, CHS capital, government investments in CHSs, and government investments in hospitals. Intervention variables included government investments in CHSs, medical insurance in CHSs, and average medical costs of CHSs. Observation indicators included the number of visits to CHSs and the number of visits to hospitals. Finally, the SD model of two-way referral between hospitals and CHSs was composed of three subsystems: visits to hospitals, visits to CHSs, and two-way referral.
The initial values of the variables in the model were set according to the Chinese Health Statistical Yearbook, 2007-2012. For instance, the total population was CHS: community healthcare system 1,347,350,000 in 2011, the birth rate was 11.93%, and the death rate was 7.14%; therefore, the initial value of the total population was set to 1.34735 3 10 9 , and the birth and death rate per month were set to 0.01193/12 and 0.0714/12, respectively. The 2-week morbidity rate was 22.2% (data from the National Health Service Survey, 2008). Thus, the morbidity rate of the total population per month was 22.2% 3 2 = 0.222 3 2 = 0.444. The number of hospitals and community healthcare institutions was 21,979 and 32,860, respectively (data from Chinese Health Statistical Yearbook, 2012), so we set these as the initial numbers of hospitals and CHSs. The government investments in hospitals and CHSs in 2011 were 107,886,980,000 RMB and 21,553,540,000 RMB, respectively; thus, the initial values of government investments in hospitals and CHSs were set to 1.0788698 3 10 11 and 2.155354 3 10 10 , respectively. The net assets of hospitals and CHSs in 2011 were 1,068,290,270,000 RMB and 39,038,030,000 RMB, respectively; thus, the initial values of hospital capital and CHS capital were set to 1.06829027 3 10 11 and 3.93803 3 10
10
, respectively. The average medical costs of hospitals and CHSs were 179.8 RMB and 81.5 RMB, respectively; thus, we set these values as the initial average medical costs of hospitals and CHSs.
Some of the functions were determined by previous researches, field surveys, national data, expert consultation, and the Delphi method. For example, of all patients, some went to CHSs and some went to hospitals; the main factors affecting patients' choice of healthcare institutions were identified as accessibility to medical services, the level of medical technology, and economic factors. The formulae for calculating these effects were as follows:
Rate of visit to hospitals = (factor of accessibility to hospitals + 10 Although some of the model variables cannot be expressed with a simple equation, their change tendency can be determined. Thus, according to the SD model, table functions were employed to determine how these variables changed. All values of these variables originated from field surveys, and table functions were used to generate the change tendencies. Table functions were mainly used to explain the accessibility to medical services, level of medical technology, and price of medical services.
2.4.1. Subsystem of visits to hospitals. The key variable of this subsystem was the number of visits to hospitals, which jointly influenced the subsystem of two-way referral with the number of visits to CHSs in the subsystem of visits to CHSs (Figure 3) . Meanwhile, this key variable was linked with the number of referrals from hospitals to CHSs and from CHSs to hospitals in the subsystem of two-way referral. The number of visits to hospitals was determined by the rate of visit to hospitals and the number of patients per month. The number of patients per month was determined by the total population and the morbidity rate of the total population per month; the total population was determined by the number of births (influenced by the total population and birth rate) and number of deaths (influenced by the total population and death rate). The rate of visit to CHS: community healthcare system hospitals was determined by the factor of accessibility to hospitals, factor of medical technology of hospitals, and the cost saving of visiting CHSs. The factor of accessibility to hospitals can be calculated by the chart of accessibility and hospital density. The chart of accessibility was a table function derived from the data from Chinese Health Statistical Yearbook and field surveys; hospital density was a main determinant of this table function, and was calculated using the number of hospitals and the total population. The number of hospitals was determined by the initial number of hospitals, the change rate, and time. The factor of medical technology of hospitals was jointly calculated by the chart of medical technology and the proportion of hospital estate; as a determinant of the chart of medical technology, the proportion of hospital estate can be calculated by the proportion of CHSs estate and the average real estate of CHSs and hospitals. The cost saving of visiting CHSs was calculated using the medical costs of hospitals and medical costs of CHSs, and both of these values were calculated by the factor of medical insurance in hospitals and CHSs and factor of medical costs. The factor of medical insurance in hospitals and CHSs represented the influence of medical insurance on patients' choices of medical care and was calculated using the current medical insurance compensation level in hospitals and CHSs, the change rate of this compensation, and time. The factor of medical costs was calculated using the chart of the price factor of medical services, which was mainly determined by the ratio of average medical costs of CHSs and hospitals.
At the same time, the variable of the number of visits to hospitals would influence the health resource allocation of hospitals, thereby indirectly affecting the subsystem of two-way referral. The number of visits to hospitals, jointly with the number of referrals from CHSs to hospitals and the average medical costs of hospitals, determined the income of hospitals; the average medical costs of hospitals was calculated by the initial average medical costs of hospitals, its change rate (0.01108, calculated according to Chinese Health Statistical Yearbook data), and time. The income of hospitals can increase hospital resources (i.e., increments of hospital resources and government investments in hospitals); government investments in hospitals were determined by the initial value, its change rate, and time, while the increments of hospital resources was determined by the average investment rate of hospitals per CHS: community healthcare system month at the same time. Hospital capital was determined by increments and depreciations of hospital resources and the initial value of hospital capital; the depreciations of hospital resources was determined by initial value of hospital capital and depreciation rate of fixed assets. The average real estate of hospitals was then influenced by hospital capital and the number of hospitals. Variables and their mathematical equations in subsystem of visits to hospitals can be found in Table 1 . Figure 4 exhibits a subsystem of visits to CHSs. The key variable of this subsystem was the number of visits to CHSs, which linked this subsystem with the two-way referral subsystem, through which it influenced the subsystem of visits to hospitals. All of the variables in this subsystem were similar to those in the subsystem of visits to hospitals; furthermore, the relationship among variables in this subsystem was the same as that in the subsystem of visits to hospitals ( Table 2) . Figure 5 exhibits a twoway referral subsystem. In this subsystem, the key variables were the number of referrals from CHSs to hospitals and number of referrals from hospitals to CHSs. On the one hand, the number of referrals from CHSs to hospitals linked this subsystem with the other two subsystems, determined by the number of visits to CHSs and the rate of voluntary referral from CHSs to hospitals, and influenced by the income of hospitals. The rate of voluntary referral from CHSs to hospitals was calculated by the chart of the voluntary referral from CHSs to hospitals, which was itself mainly determined by the factor of hospitals' average medical costs of referral from CHSs to hospitals. The factor of hospitals' average medical costs of referral from CHSs to hospitals was determined by the chart of the price of medical services and the ratio of CHSs' and hospitals' average medical costs of referral from CHSs to hospitals (influenced by the average medical costs of CHSs and hospitals). On the other hand, the number of referrals from hospitals to CHSs was determined by the number of visits to hospitals and the rate of voluntary referral from hospitals to CHSs, and affected the income of CHSs. The rate of voluntary referral from hospitals to CHSs was determined by the factor of hospitals' average medical cost of referral from hospitals to CHSs and factor of medical technology of CHSs. The factor of hospitals' average medical cost of referral from hospitals to CHSs was calculated by the chart of the price of medical services and ratio of CHSs' and hospitals' average medical costs of referral from hospitals to CHSs. Variables and their mathematical equations in a two-way referral subsystem can be found in Table 3 .
Subsystem of visits to CHSs.
Two-way referral subsystem.
Model validation and sensitivity analysis
To ensure that the model effectively reflects reality, model validation including theory testing and history simulation testing was performed. Theory testing involved checking whether the relationships between the model variables were realistic and whether the equations were dimensionally homogeneous; during this process, the model structure and parameter selection were adjusted to ensure that the model reflects the system's real characteristics. History simulation testing was also performed by comparing the simulation results with the actual values. Although there are many variables in the model, we selected total population that can be looked up in the Chinese Health Statistical Yearbook Table 4 . The results are in accordance with the actual values in China according to the Chinese Health Statistical Yearbook. Overall, Figure 5 . Two-way referral subsystem.
CHS: community healthcare system the model appears to reflect the two-way referral between hospitals and CHSs and can be used for simulating and forecasting. Sensitivity analysis was performed to ensure the reliability of the simulation results. The goal of sensitivity analysis is to clarify which inputs are the most influential. 52 There are several types of sensitivity analysis including numerical sensitivity, policy sensitivity and behavior mode sensitivity. 53, 54 Sensitivity analysis can also be divided into one-variate sensitivity analysis and multi-variate sensitivity analysis. 53 Multi-variate sensitivity analysis, which changes the value of several constants simultaneously to obtain a range of output values, was used in the research. After repeated simulations with varying model variables, three variables (government investments in CHSs, medical insurance in CHSs, and average medical costs of CHSs) were identified as key inputs. We then changed the three variables concurrently to between 220% and 20% of their current values and repeated the simulation 200 times, during which we noted any changes in the number of referrals from hospitals to CHSs. The sensitivity analysis was performed using the sensitivity simulation function in Vensim; the sensitivity graph tool was used to view results ( Figure 6 ). The changes in the three variables did not cause great variations in the number of referrals from hospitals to CHSs, and the overall change tendency in the number of referrals from hospitals to CHSs was consistent with the current situation. This was shown in Figure 6 among the 200 simulations, 50% of them were in the yellow area, 75% were in the green area, 95% were in the blue area, and 100% were in the grey area. This result indicated that changes in the constant variables would not cause extreme changes in the model's behavior. Thus, the model is stable and reliable, and is considered suitable for simulation analysis.
Model simulation
To simulate the model using the current settings, we clicked on the 'simulate' button in the toolbar and got To make temporary changes to constants and lookups, we clicked on the 'set up a simulation' button and set the run name (i.e., test1, test2, and test3). Then the top toolbar changed appearance. After that, we clicked on the 'constant' button, which brought up the constant changes dialog for all the constants in the model. We selected one constant variable and clicked the 'modify' button to change its value and clicked the 'simulation' button to run the model (Figure 7 ). The simulation process for changing the lookup variables interactively is similar to that of constant variables. After model simulation, 'graph', 'strip graph', 'sensitivity graph' and 'table' tools can be used to display simulation results. The graph tool was used in the research to display variables under various experimental sceneries on a single graph.
Results
We used the model to perform intervention experiments to test the effect of changes in variables on two-way referral. The output of the experiments was recorded every month, so the 'time step' was 1 month. Figure 8 shows the effect of government investments in CHSs on the number of referrals from hospitals to CHSs and from CHSs to hospitals, and the number of visits to CHSs and hospitals. According to the Chinese Health Statistical Yearbook 2007, the initial value of government investments in CHSs was 114,830,417 RMB (baseline). In test1, the initial value of investments was decreased to 10% of the baseline. In test2, the value was set to 10 times of the baseline. In test3, the value was set to 100 times of the baseline. The results from the five scenarios showed that the number of referrals from hospitals to CHSs would increase as government investments in CHSs increase, which may be due to the improvements in medical technology of CHSs. In addition, the number of visit to CHSs increased, which resulted in more referrals from CHSs to hospitals and more money saved by patients being referred back to CHSs. In addition, the number of visits to hospitals changed very little. Cost-benefit analysis was also undertaken to compare the total costs of government investments in CHSs and the total money saved by patients being referred back to CHSs. The Present Value Index (PVI) method was used. The formula of PVI is PVI = (present value of future cash flows) O initial investment. Present value of money saved by patients being referred back to CHSs every time the step was added up. Then ratio of the net present value of money saved to initial government investment in CHSs was calculated. The initial value of government investments in CHSs were set to 0.1 times, 1 times, 10 times and 100 times of baseline in test1, test current, test2 and test3, respectively. PVI values of the four tests were 5.11, 0.57, 0.09 and 0.03, respectively. The results showed that increasing government investments had a limited effect on money saved by patients being referred back to CHSs. Figure 9 shows the effect of adjustments in the medical insurance levels of CHSs in the four scenarios on the number of referrals from hospitals to CHSs and from CHSs to hospitals, and the number of visits to CHSs and hospitals. In testing the current situation, the advantage factor of Figure 8 . Effects of government investments in CHSs on two-way referral.
Adjusting government investments in CHSs
Adjusting the medical insurance level of CHSs
CHS: community healthcare system medical insurance compensation level of CHSs was set to 1.2857. In tests 1-3, the advantage factors of medical insurance compensation level of CHSs were set to 2, 10, and 0.1, respectively. The results indicated that increases in the advantage factor of medical insurance compensation level of CHSs would significantly increase the number of visits to CHSs and reduce the number of visits to hospitals, which was demonstrated in the distributions of patients. This would also eliminate the problem of patients flooding into hospitals rather than CHSs. Furthermore, the number of referrals from hospitals to CHSs increased dramatically, which led to more money saved by patients being referred back to CHSs. The number of referrals from CHSs to hospitals also increased due to the increase in the number of visits to CHSs. Figure 10 shows the effect of initial average medical costs of CHSs on the number of referrals from hospitals to CHSs and from CHSs to hospitals, and the number of visits to CHSs and hospitals. In the test representing the CHS: community healthcare system current situation, the initial average medical costs of CHSs was set to 116 RMB. In tests1 and 2, the initial average medical costs of CHSs were set to 5 and 10 times of the current value, respectively. The results demonstrated that the number of visits to CHSs reduced significantly when the initial average medical costs of CHSs increased. Higher initial average medical costs of CHSs resulted in a lower willingness to receive medical services in CHSs, which in turn led to a drastic drop in the number of visits to CHSs, the number of referrals from hospitals to CHSs, and money saved by patients being referred back to CHSs. Because of the decrease in the initial average medical costs of CHSs, the number of referrals from CHSs to hospitals also dropped by a large margin. The number of visits to hospitals showed a small increase.
Adjusting initial average medical costs of CHSs
Discussion and conclusions
The simulated intervention results showed that increases in the investments in CHSs and medical insurance Figure 10 . Effect of initial average medical costs of CHSs on two-way referral.
CHS: community healthcare system compensation level of CHSs benefit two-way referral. Although the policy of increasing investments in CHSs showed limited benefit compared with money saved by patients being referred back to CHSs according to costbenefit analysis, it will significantly improve the medical technology level of CHSs that lead to an increase in the number of patients that visit CHSs and are referred back to CHSs. In the existing system structure, referral between hospitals and CHSs remain relatively low; people are unwilling to transfer from hospitals to CHSs, which in turn impairs the function of CHSs and broadens the technological gap between hospitals and CHSs. To solve this problem, the government would be wise to invest more money in CHSs. 55 Patients were primarily unwilling to be referred from hospitals to CHSs because of the large gap in medical technology between hospitals and CHSs, suggesting that actions should be taken to bridge this gap. Although healthcare workers in CHSs have already gained widespread acceptance in many countries, 56 general physicians still require continuing education. 57 Communication between general physicians in CHSs and specialists in hospitals is also helpful for patient-care feedback and has a positive effect on referral and cooperation between primary-care physicians and specialists. 58 China's medical reform in 2009 emphasized the training and education of medical staff working in CHSs to achieve, as soon as possible, the goal of having staff in CHSs to include qualified GPs and to facilitate the communication between CHSs and hospitals. CHSs should be provided with more funding, better technology, and more staff, and be equipped with unused hospital resources under governmental guidance. In this way, the imbalanced resource allocation could be rectified and CHS functioning could be improved.
Medical costs were also a major factor that patients considered when seeking medical services. To promote two-way referral between hospitals and CHSs, widening the disparity in medical insurance compensation level and medical costs between CHSs and hospitals might be suitable. As was found regarding the effects of changes in the coverage of medical insurance in CHSs on emergency department utilization, 59 improving the medical insurance compensation level in CHSs would likely facilitate referral from hospitals to CHSs.
To our knowledge, this is the first qualitative evaluation of two-way referral between hospitals and CHSs in China using SD. The SD model was used to estimate the number of referrals between hospitals and CHSs in China, which was practical due to the limited availability of the data on the number of visits. The SD model allowed us to estimate the number of referrals between hospitals and CHSs in various environments.
This study has some limitations. First, as this was the first time that an SD model was used to address two-way referral between hospitals and CHSs and perform intervention experiments, several assumptions and simplifications were made to ease the research challenges. Furthermore, some variables were abstracted, thereby reducing the validity of the results. In future studies, the connection between the model and actual policies should be enhanced to address these limitations.
In conclusion, in the existing structure, the flow of referrals between hospitals and CHSs remains low, and people tend to visit hospitals first, which impairs the CHSs functioning and broadens the disparity between hospitals and CHSs. Thus, the two-way referral system requires improvement. To do so, the government should broaden the cost disparity between hospitals and CHSs, modify the medical insurance compensation level between hospitals and CHSs, and further address patients' intentions in choosing healthcare services.
